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IDGLQJ FKDQQHO WKURXJK LWHUDWLYH LQIRUPDWLRQ H[FKDQJH EHWZHHQ WKH GHPDSSHU DQG WKH GHFRGHU DW WKH
UHFHLYHU7KLVV\VWHPLQWURGXFHGE\;/LDQG-5LWFH\LQ>@>@LVXVXDOO\UHIHUUHGWRDV%,&0,'
$FFRUGLQJ WR &KL+VLDR <LK¶V UHVXOWV >@ WKH FKRLFH RI WKH V\PERO PDSSLQJ LV WKH FUXFLDO GHVLJQ
SDUDPHWHUWRDFKLHYHDQH[FHOOHQWSHUIRUPDQFHIRU%,&0,',QJHQHUDODV\PEROPDSSLQJLVGHILQHGE\
WKH VLJQDO FRQVWHOODWLRQ DQG WKHELW ODEHOLQJ >@ 6RPHPDSSLQJV IRU%,&0,'ZHUH VWXGLHG LQ >@>@
5HIHUHQFH>@SURSRVHGDGHVLJQFULWHULRQRIWUDQVIHUIXQFWLRQEDVHGRQ%(5SHUIRUPDQFHDQGLQWURGXFHGD
QHZ V\PERO PDSSLQJ FDOOHG WKH PD[LPXP VTXDUHG (XFOLGHDQ ZHLJKW 06(: ,W FDQ DFKLHYH EHWWHU
SHUIRUPDQFH RQO\ DW KLJK 6LJQDO 1RLVH 5DWLR 615 $Q LPSURYHG V\PERO PDSSLQJ FDOOHG &URVV
(TXDOL]DWLRQ36.4XDVL063 &(36. LVSURSRVHG LQ >@ ,W FDQ DFKLHYHEHWWHU%(5SHUIRUPDQFH
WKDQ06(:PDSSLQJDQGWKHRWKHUFRQYHQWLRQDOPDSSLQJVGXHWRODUJHUKDUPRQLFPHDQRIWKHPLQLPXP
VTXDUHG(XFOLGHDQGLVWDQFH+RZHYHULWKDVWKHVPDOOHURIIVHWJDLQZKLFKLVWKHDV\PSWRWLFSHUIRUPDQFH
LPSURYHPHQW WKDQ RWKHU FRQYHQWLRQDO PDSSLQJV 7R \LHOG D EHWWHU RIIVHW JDLQ DQG RXWSHUIRUP WKH
SHUIRUPDQFH RI 06(: PDSSLQJ DQ LPSURYHG V\PERO PDSSLQJ ZKLFK FRPSRVHV RI WZR 436. ZLWK
GLIIHUHQWUDGLXVLVSURSRVHGLQWKLVSDSHU











YWYW@ZKLFKDUHPDSSHGRQWRVLJQDOVHW χ RIVL]H_ χ _ 0 PWKURXJKWKHRQHWRRQHPDSSLQJ μ ^`
ė χ [ μ WDQGWKHFRUUHVSRQGLQJ36.VLJQDODWWLPHWE\[W

)LJXUH %,&0V\VWHPPRGHO
χμ ∈= WWW [[[                            (1) 
:KHUH WKH 36. VLJQDO VHW LV χ   ^  πQMV H(  Q   «` DQG(V LV WKH V\PERO HQHUJ\ )RU D
IUHTXHQF\QRQVHOHFWLYH5D\OHLJKIDGLQJFKDQQHOZLWKFRKHUHQWGHWHFWLRQWKHUHFHLYHGGLVFUHWHWLPHVLJQDO
FDQEHH[SUHVVHGDV
WWWW Q[\ += ρ                              (2) 
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
:KHUH [W LV D WUDQVPLWWHG V\PERO LQ 0 FRPSOH[YDOXHG Wρ LV WKH 5D\OHLJK UDQGRP YDULDEOH ZLWK
 W( ρ   SUHVHQWLQJWKHIDGLQJDPSOLWXGHRIWKHUHFHLYHGVLJQDODQGQWLVDFRPSOH[$:*1ZLWKRQH
VLGHGVSHFWUDOGHQVLW\1)RUWKH$:*1FKDQQHO Wρ LVVHWWR


















:KHUH LEχ LVWKHVXEVHW χ RIDOOV\PEROV χ∈[ ZKRVHODEHOVKDYHWKHELQDU\YDOXH ∈E ^`DWWKH
L¶WKELWSRVLWLRQ
,WHUDWLYH'HFRGLQJ:LWK6RIW'HFLVLRQ)HHGEDFN
,WHUDWLYH SURFHVVLQJ ZLWK VRIW IHHGEDFN VWXGLHG LQ >@ LOOXVWUDWHV WKDW LWHUDWLYH GHFRGLQJ RI %,&0
LQFUHDVHV WKH LQWHUVXEVHW (XFOLGHDQ GLVWDQFH DQG UHGXFHV WKH QXPEHU RI QHDUHVW QHLJKERUV 7KHUHIRUH
%,&0,'FDQLQIDFWEHXVHGWRSURYLGHH[FHOOHQWSHUIRUPDQFHRYHUERWK*DXVVLDQDQGIDGLQJFKDQQHO
7KH UHFHLYHU VKRZQ LQ )LJ XVHV D VXERSWLPDO LWHUDWLYH PHWKRG WKURXJK LQGLYLGXDOO\ RSWLPDO EXW
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$WWKHLQLWLDOGHPRGXODWLRQWKHSULRULSUREDELOLW\3[WLVXQDYDLODEOH7KHUHIRUHDQHTXDODVVXPSWLRQLV




2Q WKH VHFRQGSDVV3FWL2SXWRXWE\ WKH6,62PRGXOH LV LQWHUOHDYHGDQG IHHGEDFNDV WKHDSULRUL














a μ      (5) 























































(XFOLGHDQ GLVWDQFHV EXW GLIIHUHQW QXPEHUV RI QHDUHVW QHLJKERUV RU GLIIHUHQW +DPPLQJ GLVWDQFH RI WKH
ODEHOVIRUQHLJKERULQJFRQVWHOODWLRQSRLQWV
6LJQDO ODEHOLQJKDVDFULWLFDO LQIOXHQFH WRWKHSHUIRUPDQFHRI%,&0,'GHVLJQ7KH LQIOXHQFHFDQEH
TXDQWLILHGE\WKHWZR(XFOLGHDQGLVWDQFHV>@>@8QOLNH$:*1FKDQQHOVWKHUHLVQRGRPLQDWLQJWHUPLQ











 μ  (7) 
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
:KHUH3ELVWKHSUREDELOLW\RIELWHUURUG&LVWKHPLQLPXP+DPPLQJGLVWDQFHRIWKHFRGH5LVWKH
LQIRUPDWLRQUDWHDQG  μKG LV WKHKDUPRQLFPHDQRIWKHPLQLPXPVTXDUHG(XFOLGHDQGLVWDQFH)RUDQ\






















μ              (8) 
:KHUHP ORJ0
L
E[]] χ∈= Ö GHQRWHWKHQHDUHVW

)LJXUH )RUYDULRXVODEHOLQJPDSVWKHVKDGHGUHJLRQVFRUUHVSRQGWRWKHGHFLVLRQUHJLRQVIRUWKHILUVWELWWDNLQJWKHYDOXHRI
QHLJKERURI[6SHFLILFDOO\G&FRQWUROVWKHVORSHRIWKHSUREDELOLW\RIELWHUURU3EFXUYHZKLOH  μKG 
SURYLGHWKHKRUL]RQWDORIIVHW1RWLFHWKDWDFRQYROXWLRQDOFRGH&DQGDODEHOLQJPDSμ KDYHLQGHSHQGHQW
LPSDFWV RQ WKH SHUIRUPDQFH RI %,&0,' LQ 5D\OHLJK IDGLQJ GXH WR ELW LQWHUOHDYLQJ 0D[LPL]LQJ WKH














 μ   (9) 





















μ          (10) 
*LYHQ LGHDO IHHGEDFN IRU HDFK LE
L
E[ χχ ∈ FRQWDLQV RQO\ RQH WHUP aa []] = ZKRVH ODEHO KDV WKH
VDPHELQDU\ELWYDOXHVDVWKRVHRI[H[FHSWDWWKHL¶WKELWSRVLWLRQ)URPDQGWKHJHQHUDOUXOHLVWR
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
GHVLJQDODEHOLQJPDSμ WKDW ][ a− LVODUJHUWKDQ ][ Ö− IRUDOO[LISRVVLEOHLQRUGHUWRDFKLHYHWKH

















































1XPHULFDO UHVXOWV IURP FDOFXODWLQJ WKH KDUPRQLF PHDQ RI WKH PLQLPXP (XFOLGHDQ GLVWDQFH EHIRUH
IHHGEDFN KG  DQG DIWHU IHHGEDFN
a
KG DUH VKRZQ LQ 7DEOHĉ 7KLV JLYHV D TXLFN FRPSDULVRQ EHWZHHQ
YDULRXV ODEHOLQJ VFKHPHV 7KH KG RI WKH LPSURYHG PDSSLQJ KDV QRW WKH EHVW ILUVW URXQG SHUIRUPDQFH
+RZHYHUDVWKH615LQFUHDVLQJLWSHUIRUPVEHWWHUWKDQ*UD\63663PL[HGDQG06(:PDSSLQJ7KH
JDLQRIWKHLPSURYHGPDSSLQJLVEHWWHUWKDQ&(36.>@ZKLFKLVG%
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6LPXODWLRQ5HVXOWVDQG$QDO\VLV
,Q RXU VLPXODWLRQV D UDWH VWDWH V\VWHPDWLF FRQYROXWLRQDO 56& FRGH LV DVVXPHG 7KH












/DEHOLQJ GKEHIRUH GKDIWHU *DLQG%
*UD\   
63   
663   
PL[HG   
06(:   
,PSURYHG
PDSSLQJ   




,Q WKLV SDSHU ZH KDYH SURSRVHG DQ LPSURYHG V\PERO PDSSLQJ ZKLFK FRPELQHV WZR 436. ZLWK
GLIIHUHQWUDGLXVIRU%,&0,'DQGGHPRQVWUDWHGWKDWLWVLJQLILFDQWO\RXWSHUIRUPVFRQYHQWLRQDOPDSSLQJVDW
KLJK6157KHLPSURYLQJSHUIRUPDQFHKDVLOOXVWUDWHGE\WKHRUHWLFDODQDO\VLVDQGFRPSXWHUVLPXODWLRQ7KH
LPSURYHG PDSSLQJ FDQ DFKLHYH PRUH WKDQ G% FRGH JDLQV FRPSDUHG ZLWK &(36. )XUWKHUPRUH
VLPXODWLRQ UHVXOWV VKRZ WKDW WKHQHZPDSSLQJFDQREWDLQPRUH WKDQG%FRGHJDLQVZKHQ WKH%(5LV
EHORZFRPSDUHGZLWKWKHFRQYHQWLRQDOPDSSLQJVDWKLJK615RYHU5D\OHLJKFKDQQHO

















>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